The aim of this paper is to use DEA models to evaluate sustainability in agriculture. Several variables are taken into account and the resulting efficiency is measured by comparison. The performance of family farms is analysed here (variables: farmed area, work force, and production). As agricultural sustainability depends on the maintenance of systems of production for long periods of time, the models were run for the years of 1986 and 2002. Tiered DEA models were used to group farmers in sustainability categories. Non-parametric regression models were used to identify the factors affecting the efficiency measurements. All the results indicate that the majority of the farmers increased their efficiency along the time. These improvements may support the existence of sustainability.
Introduction
Sustainability of farming systems has been historically dependent on constant productivity for long periods of time. During the last decades, sustainability has become a variable that needs to be analysed and measured (Carpenter 1993) . In agriculture, sustainability involves physical, biotic, economic feasibility and socio-cultural factors. We can mention, for instance, Von Wirén- Lehr's (2001) work on the sustainable agriculture theme.
There are several approaches in the literature to evaluate agricultural sustainability. The majority proposes building up multidimensional indicators. These can be aggregated in a unique "sustainability index" that evaluates the performance of the productive system. The following related works should be mentioned: Ali (1996) , Pannell and Glenn (2000) , Rigby et al. (2001) , Praneetvatakul et al. (2001) , López-Ridaura et al. (2002) , Herendeen and Wildermuth (2002) , Lopes and Almeida (2003) , Zhen and Routray (2003) , Pacini et al. (2003) , Fernandes (2004) , Rasul and Thapa (2004) .
Some authors have proposed the use of DEA models to measure agricultural sustainability as, for instance, Kim (2001 ), De Koeijer et al. (2002 , Abay et al. (2004) , Rodríguez-Díaz et al. (2004) , Bosetti and Locatelli (2006) , Sauer and Abdallah (2007) . These studies are briefly described in Sect. 2.3.
The purpose of this paper is to use Data Envelopment Analysis (DEA) to evaluate the sustainability of a group of farmers. This approach was chosen as the resulting efficiency has two basic characteristics: it is measured by comparison and it allows different variables to be taken into account. The first one allows farmer's performance to be compared with itself at different instants. The efficiency variation along the time can be used as an indication of sustainability. The multidimensional characteristic of the DEA approach is relevant as sustainability involves multiple factors. In this paper we use a DEA model to analyse the socio-agronomic performance of a farmers' group. Farmed area, work force and production were the variables used to do so. The farmers are located in the municipality of Machadinho d'Oeste (State of Rondônia, Brazil).
The concept of agricultural sustainability used here requires that production systems be maintained for large periods of time. To check whether agricultural sustainability applies, two different DEA models were run separately for both the years of 1986 and 2002. Afterwards a third DEA model was run using the data for 1986 and 2002 put together. This last model aims to check whether or not the positive evolution of the average efficiency is relevant as an indication of sustainability. This kind of analysis is one of this study's main contributions.
Our second contribution is related to the use of the Tiered DEA model. The tiers obtained with this model have been used as a ranking tool (Barr et al. 2000) , which in a multicriteria terminology is a P α problem (Roy and Bouyssou 1993) . The tiered DEA model has also been used to group the units under evaluation into clusters, each cluster corresponding to one tier . Once more, using the multicriteria terminology this is similar to the Pβ problem. In this paper we used the Tiered DEA model to group farmers into sustainability clusters. As many tiers were obtained we need to group them in order to obtain a final ranking, as will be explained in Sect. 4.2.
The last contribution of this paper refers to the case study itself. The municipality of Machadinho d'Oeste is an agricultural settlement in the Brazilian Amazon. The Brazilian Agricultural Research Corporation (in Portuguese, Empresa Brasileira de Pesquisa Agropecuária-Embrapa) has been conducting a long-term study in the region. Its Satellite Monitoring Research Centre (Embrapa Satellite Monitoring for short) is responsible for this research. The research began some twenty years ago and is supposed to be an one hundred years study of smallholdings in that region (Miranda 2005) . The considerable amount of the data obtained from field research may be used to generate several socio-agronomic indexes. Among those are the ones pertaining to its agricultural sustainability. According to Miranda (2005) , this information may influence public policy for the region in terms of support, research, financing and others.
We may also refer that, although a lot of research has been done concerning Machadinho d'Oeste, this is the very first one in which DEA efficiency models are used. The use of DEA models to evaluate efficiency in agriculture in the Brazilian Amazon was found only once in Otsuki et al. (2002) . This study has used public data instead of data obtained from field research. Furthermore, the authors were not concerned with sustainability studies. Their main goal was the study of the effects caused by the Brazilian governments' ownership granting policies based on the efficiency of agricultural and timber production in the region.
Data envelopment analysis (DEA)
2.1 General features DEA models have been originally proposed by Charnes et al. (1978) to determine the efficiency of productive units, known as Decision-Making Units (DMU for short). These models take into account the resources used by the DMUs and the results they obtain. DEA models optimise the efficiency index of each individual DMU in order to estimate an efficient piecewise linear frontier. These DMUs become the benchmarks for the inefficient ones.
The two best-known DEA models are CCR (Charnes et al. 1978) and BCC (Banker et al. 1984) . Traditionally, two different orientations are possible for these models when looking for the efficient frontier: input orientation and output orientation. The first one aims to promote DMU efficiency by an equiproportional reduction of the inputs levels. On the other hand, the aim of output orientation is to promote DMU efficiency by an equiproportional increase of the output levels.
There are two equivalent mathematical formulations for each DEA model. The first one is called the multipliers model and the second one is the envelope model. There is a dual relationship between these two models. From the multipliers model we obtain the efficiency index and the multipliers (weights) for each variable. From the envelopment model we also obtain the efficiency index. Moreover, this model also provides benchmarks and targets for each inefficient DMU.
Their proprieties must be known to model in DEA and interpret their results correctly. Two of the most important properties are as follows:
1. In any DEA model, every DMU that presents the best output j/input i ratio is necessarily efficient. This requires the causal relation between each output and each input to be checked in any DEA formulation. If this relation does not exist, meaningless results may appear. In other words, a badly formulated model might show a DMU to be efficient, for instance, based on its coffee production (output) in relation to its rice growing area (input), which is obviously nonsensical. 2. The main property of the CCR model is the proportionality between inputs and outputs at the frontier. This means that any increase (decrease) in the value of the inputs corresponds to a proportional increase (decrease) in the value of the outputs. DMUs can be grouped into efficiency categories. They could subjectively be classed as having low, middle or high efficiency, for instance. Another alternative is to class them according to the so-called iso-efficiency tiers. This model was initially proposed by Barr et al. (2000) and is called "Tiered DEA". The authors have used this approach as an auxiliary tool to obtain an alternative DEA ranking. Gomes et al. (2003) used this approach to establish sequential targets and promote frontier uniformity in Zero Sum Gains DEA models Gomes and Lins 2008) . Bougnol and Dulá (2006) contend that this technique can be used to class DMUs into groups according to their performance level.
Iso-efficiency tiers are obtained thus: 100% efficient DMUs belong to tier 1. These DMUs are then withdrawn from those being analysed and a new DEA model is run. Efficient DMUs in this subset belong to tier number 2. The process is repeated until there are no further DMUs. Figure 1 shows this technique. As the DEA model was run with all the eight DMUs, A, B and C were 100% efficient and so they belong to tier 1. The withdrawal of these DMUs leaves another five DMUs. Running the DEA model again with these five DMUs, D and E are efficient and they belong to tier 2. These are withdrawn and the DEA model is run again with the remaining three DMUs (F, G and H). All were efficient and so they make up the third and last iso-efficiency tier.
DEA models and agricultural sustainability
In the literature there are some studies concerning the use of DEA models to analyse agricultural sustainability. The focus of those papers is the environmental consequences of the inputs use. This is rather different from our focus. We use in this paper a concept of sustainability that relates to the capacity of the production systems to be maintained along the time. Some of the above mentioned papers are briefly described herebelow. Kim (2001) compared the scale efficiency scores of conventional and sustainable farms. The analysis included DEA CCR and BCC models efficiency calculations. The author found that sustainable farms had more profitable input/output relationship than conventional farms.
Later on, De Koeijer et al. (2002) have measured sustainability based on socio-economic and bio-ecological attributes. The authors have used DEA models to measure the sustainability of a group of Dutch sugar beet growers over four consecutive periods of time. The authors assume sustainability as being a mix of environmental efficiency plus economic performance. In their words "if farmers improve the technical efficiency of their use of polluting inputs, they simultaneously achieve economic and environmental objectives". That means that improvements of technical efficiency may support sustainability.
In another work, Abay et al. (2004) analysed DEA CCR efficiency measurements of input use in tobacco production in Turkey with respect to sustainability. The authors carried out face-to-face interviews with some 300 farmers. They also developed econometric models to determine the factors affecting the efficiency of the regional tobacco production. The results showed a positive relationship between the efficiency of input use and sustainability of agriculture.
Rodríguez-Díaz et al. (2004) used DEA BCC models to evaluate which were the most efficient irrigation districts in Andalusia (Spain) relative to water use. The authors believed that the study of efficiency allows them to assess when the use of water leads to greater profitability. Hence, the results may help to improve water management. Bosetti and Locatelli (2006) studied the relative efficiency of the management units of Italians national parks and showed how it could be improved. The variables (indicators) used were based on Italian national park managers and stakeholders opinions.
Sauer and Abdallah (2007) studied tobacco production in Tanzania. The authors were looking for the existence of empirical relations among production efficiency, biodiversity, and resource use. The results suggested that an increase in tobacco production efficiency is conducive to environmental sustainability in Tanzania.
Characterization of the target area
Machadinho d'Oeste is a municipality in the State of Rondônia belonging to the Brazilian Amazon. It is located between longitude 61
• 47 and 63
• 00 WGr and between latitude 9
• 19 and 10
• 00 S, some 400 kilometres from Porto Velho, the state capital. Before becoming a municipality in 1988, Machadinho d'Oeste started as a rural settlement project. The new municipality included 4 other settlement projects and 8 urban centres and covered an area of 8,556 km 2 . Studies covering several aspects of this area can be found, for instance, in Moran (1984) , Sydenstricker and Torres (1991) , Castilla and Sawyer (1993) , Dale et al. (1994) , Charlwood et al. (1996) , Souza-Santos (2002) , Miranda (2005) .
The Machadinho settlement project was initially dimensioned for 3,000 families. More than 2,000 had already arrived in 1984. The project already had in that year the minimal infra structures for an agricultural settlement such as roads, urban support nuclei, zoning and plot demarcation etc.
From the very beginning of the settlement in the early 80's, the original landscape has been modified by settlers into a mosaic of forest patches, secondary vegetation, and grazing, agricultural and small urban areas. In Batistella et al. (2000 Batistella et al. ( , 2003 and Batistella (2001) , studies can be found on land use and land cover changes in Machadinho d'Oeste.
In 1986, a research project was launched to follow the agricultural production systems used by the small farmers of the area (Miranda 2005) . Fieldwork is done every three years, using questionnaires with some 250 agricultural, social, economical and environmental variables covering a sample of farms. Every year land use is monitored by satellite images in a Geographic Information System (GIS).
In the first year of the research, 1986, a large sample, covering 15% of a total of 438 valid plots was taken. This random and stratified sample was codified in a GIS folder. The results of this first data survey in situ defined the initial profile of the just arrived farmers and their agriculture.
A new survey, in 1989, created a GIS folder, which profiled the area and its farmers. In 1993, research work also included economic and environmental data. The 1996 field survey showed that in ten years deep changes had occurred in the farms.
The 1999 fieldwork covered 438 farmers. These fieldworks provide an update on the farmers' profiles. From September to October of 2002, a new survey was carried out. In this survey only 327 farmers were interviewed. The 2005 fieldwork updated these data. Miranda (2005) published all the results of the above-mentioned research. During this period, the region has dramatically changed in social and economical contexts as well as in land use. The changes concerning the farmers' performance are evaluated in this paper with the aid of DEA models. The results obtained are used to analyse the existence of sustainability in the production process.
Modelling

Structuring
The aim of the proposed DEA models is to measure sustainability in agriculture. Agricultural sustainability as used here means the farmers being able to keep on using their production systems. Thus, the DMUs are the farmers included in the 1986 and 2002 fieldwork samples.
Only those that were in both samples (a total of 76) were studied. Abandoned plots or those that had changed hands were not taken into account, as different farmers have different agricultural rationalities that could interfere in the evaluation.
Selecting variables in DEA is of great importance as final analysis depends on them. To evaluate agricultural sustainability the variables were chosen from those collected in the field questionnaires. In the model proposed here, there was an attempt to measure socioagronomic performance. In this model, inputs are area under cultivation (in hectares) and labour (in man-days); outputs are the various productions (in kilograms). In the extreme case of the model, if, for a given DMU, a zero weight is assigned to the area input, the efficiency measurement is the usual labour productivity. Similarly, should the zero weight be assigned to the labour input, then classical land productivity is obtained. Thus, the complete model is an optimised mix of these two agricultural productivity measurements.
To obtain more meaningful results, only values for the most important crops in the region were selected. The sole perennial crop of any significance is coffee. Among the annual crops, rice and maize are the most important. Thus, the variables of the DEA model are the following:
− Input 1: total rice, maize and coffee cultivated area equals the sum of all these cultivated areas; − Input 2: labour used for rice, maize and coffee crops equals the sum of labour used in individual plots; − Output 1: rice production; − Output 2: maize production; − Output 3: coffee production.
This model measures the ability to get a good production, with existing inputs, for at least one crop. The use of the total land and total labour prevents DMUs from being classed as efficient just because there is a good ratio between the production of one crop and the inputs of another, as explained before. The selected crops represent the main growing options in the region, or, in other words, they are the main food staples (maize and rice for self-consumption) or commercial crop (coffee). In this model, efficient farmers are those that succeed in sustaining their activity.
Labour was defined as all family members between ages 15 to 65 effectively employed in agricultural work, as well as permanent and temporary workers. In Machadinho d'Oeste, a rural worker works, on average, 300 days in agriculture. The labour ratios per crop in Machadinho d'Oeste are the following: rice, 19 man days per hectare; maize, 15 man days per hectare; coffee, 67 man days per hectare.
It should be emphasised that the use of fertilisers, pesticides, weed killers and similar were not taken into account in this model. In fact, most agriculture in Machadinho d'Oeste is practically carried out without these agricultural inputs, as they are expensive in this region. In other words it is a labour intensive system, not a capital intensive one. Other costs of production were not included either, as they are not included in the fieldwork questionnaires.
The DEA BCC model was chosen for this paper. This is justified, as there is no evidence that in Machadinho d'Oeste increases in area or in labour would cause a proportional increase in production. Input orientation was chosen to check whether production justifies the used resources or not. It should be emphasised that both inputs can be controlled. As a matter of fact, having less temporary workers or fewer member of the family working the land can reduce labour. In the same way, cultivated area can be decreased by selling parts of it or by preserving native scrubs. This would be important to diminish the problem of scrub area loss in the Brazilian Amazon region. Table 1 shows the average values and relative frequency for inputs and outputs in the model. Relative frequency means the ratio between the number of plots with a non-zero value for the variable to which the frequency refers and the total number of plots.
Sustainability typologies
To define sustainability typologies, a DEA model was run for each of the years being studied. So, a given farmer could belong to one typology in one year and to another one in the other year. A farmer's efficiency index can improve from one year to another for two different reasons. The first is that there was a genuine improvement on his/her performance. The second one is that overall performance of all farmers decreased. In this case the improvement on the farmer efficiency index merely states that he/she worsened less than the others did.
DEA BCC results analysis
To calculate the efficiency indexes we have used the SIAD software (Angulo- . Of the 76 evaluated plots, 10 were DEA-BCC efficient in 1986 and 12 in 2002.
Of these, only three farmers were efficient in both years. Average efficiency in 1986 was 0.3166 and 0.3904 in 2002. It should be made clear that although average efficiency is widely used in literature (see Avkiran 1999 , for instance) its increase does not mean a general improvement in the DMUs evaluation. It means only a greater homogeneity among the whole set of DMUs under evaluation. This could have come about either because inefficient DMUs became more efficient or, else, because efficient DMUs became less so.
The three efficient farmers in both years (two from the State of Rio Grande do Norte, one from the State of Minas Gerais) arrived in Machadinho d'Oeste during the seventies. In 1986 each cultivated 9 hectares. Two of the farmers had already used technical assistance institutions and hired no permanent labour in their farms. All the three farmers had identified lack of finance and labour as problems in 1986 and health as a requirement. In 2002, one of these farmers belonged to a trade union. They identified health and lack of road as problems and housing as a requirement. In that year, the area cultivated by those farmers was, on average, 47% of the farm total area; two used technical assistance from Emater (Technical Assistance and Rural Support Company).
A preliminary analysis of the multipliers model showed that in 1986, 9 plots (11.8%) and 22 plots (28.9%) do not take into account, respectively, the cultivated area and use of labour inputs to compute the measurement of efficiency. In the case of outputs, 41 (53.9%), 55 (73.4%) and 76 (100%) plots have assigned zero weight respectively to rice, maize and coffee production. This analysis is preliminary, as the set of multipliers may not be unique. The values mentioned hereabove are the first ones calculated by the software we have used. This paper did not go further on multiplier analysis (for instance those carried out by Rosen et al. 1998 or by Soares de Mello et al. 2002) .
A similar analysis was done for 2002. This analysis showed that the same proportion of plots as in 1986 did not take cultivated area into account to measure efficiency. On the other hand, the number of plots that assigned a nil weight to labour went up to 64 (84.2%). This means that labour may well become the limiting factor for the socio-agronomic sustainability in Machadinho d'Oeste. This confirms that the agricultural activity in this municipality is labour intensive. When looking at the outputs, rice, maize and coffee production obtained a zero weight in, respectively, 55 (72.4%), 45 (59.2%) and 15 (19.7%) of the plots. We should emphasise the small number of nil weights in coffee production. This has become the main crop of the region between 1986 and 2002. Coffee has a great selling potential. On the other hand, the two other cultures, rice and maize, were used for farmers' self-consumption in most cases.
The envelope model showed that in 1986 one efficient DMU turned into a benchmark for 60.5% of the inefficient DMUs. This was a farmer from the Amazon State living in the area since 1961. He cultivated 10% of his lot and had employed neither temporary nor permanent labour. All his family worked on the farm.
Similarly, in 2002, another efficient DMU became the benchmark for 72.4% of the inefficient ones. This farmer came from the Bahia State in 1981. In 2002 he cultivated 29% of his farm whole area. Likewise, he employed neither temporary nor permanent labour and all his family worked the land.
Tiered DEA results analysis
Iso-efficiency tier approach was employed to rank farmers as already described in Sect. 2.2. Seventeen iso-efficiency tiers were found for 1986 and eleven tiers were found for 2002 (individual DEA models) as per Table 2 .
Although a bi-univocal correspondence between tiers and typologies could be used, the number of tiers is too high to be useful. It should be brought to mind that Saaty (1994) requires the decision-maker to take into account no more than 5 judgement differences, accepting up to nine only in extreme cases. So, 17 and 11 tiers are both too high a number for differences to be spotted. For that reason, we made the option of aggregating tiers. We first calculated the average efficiency for each and every tier. Then, when we found a large difference between two consecutive tiers, a typology was defined. What a large difference is understood to be is a subjective evaluation of the authors. This subjective component of the analysis makes this problem very close to the Pβ multicriteria problem (Roy and Bouyssou 1993) . Then, four types of sustainability were established (Table 2) : Excellent, Medium, Low and Critical. These results show a decrease in the number of sustainability critical farms and an increase in those of medium and excellent typology. 47.4% improved their typology, 25.0% worsened it and 27.6% remained constant. They also showed that a majority of farmers increased their sustainability. However, as said before, this may just mean that the efficient farmers have worsened their performance. To know exactly which of the outcomes really happened, a new model that aggregates the two periods of time in one single analysis is required.
Time evolution
To check whether the growth in the average efficiency in 2002 was due to an improvement in the performance of the farmers, a further analysis was carried out. In this third model, the same farmer was assumed to be two different DMUs in two different years. This approach is similar to that of Rios and Maçada (2006) . In this BCC input oriented model there are 152 DMUs. This is justified, as the farmers' technology has apparently not evolved far enough (Miranda 2005) . We would need to use instead the Malmquist index (Färe and Grosskopf 1992) , for instance, if it had. Using this model we found 19 DMUs to be efficient. All DMUs that were efficient in 2002 in the individual model were also efficient in this third model. In 1986, 7 of the 10 efficient DMUs in the individual model were also efficient in the aggregate model. For DMUs corresponding to the year of 1986 the average efficiency was 0.2788. For DMUs in 2002, the average efficiency was 0.3573. Those results clearly indicate the contention that there was an actual improvement in the farmers' performance between 1986 and 2002. So the evolution of the average efficiency in the partial models corresponds to an overall better performance of the whole set of DMUs.
As discussed by De Koeijer et al. (2002) , the increase in efficiency shows sustainability. Thus, according to this contention, it can be said that the farmers of Machadinho d'Oeste showed a positive performance, and that means sustainability.
Factors affecting efficiency
A regression model was used to find out the factors that affected efficiency between 1986 and 2002. DEA efficiency indexes became the dependent variables for both years. One can find similar examples of this type of analysis in the literature. We can refer to, for instance, Kirjavainen and Loikkanen (1998) , Otsuki et al. (2002) , Casu and Molyneux (2003) , Afonso and St. Aubyn (2006) , Souza (2006) and Hoff (2007) , who have all used the Tobit model. Sohn (2006) has used the Logit regression. Recently, Souza et al. (2007) have used Dynamic Panel Data to explain that contextual variables do affect DEA efficiency indexes.
As, in our case, the dependent variable values go from 0 to 1 a non-parametric regression model was used to evaluate causal relationships. The theoretical justification for this type of analysis can be found in Banker (1993) , Banker and Natarajan (2004, 2008) and Souza (2006) . Furthermore, the non-parametric regression is easier than its alternatives: truncated regressions and their generalizations (Souza 2006) . Besides, it requires less restrictive hypotheses for the residual distribution.
As suggested by Conover (1999) , efficiency rankings were used for the non-parametric approach. Ranks were computed for the combination of the samples obtained for each year.
We have fitted the analysis of covariance model (1) to the ranking structure. The independent variables used there have the following meanings.
Lot ownership status refers to the legal provisions affecting the farmer's lot: the two levels are "secure" and "precarious". Secure applies to farmers who own the plot of land. Precarious means he is entitled to its use but that he is not the owner.
Agricultural technical advice refers to whether or not the farmer has received technical support from Emater, the official body that provides such advice in the country.
Unworked days refer to the total number of days the farmer could not work on his farm because of illness. This variable can provide information on the municipality health care policies.
The total area variable is the sum of all areas in the plot of land: crop, pasture, fallow and wild areas.
Levels throughout the formula are either/or conditions represented by 1 or 2. In this model, r ij kl is the rank of the efficiency measurement for DMU i, i = 1, . . . , 76, in year j , j = 1, 2, subject to level k, k = 1, 2, for the type of plot ownership, to level l, l = 1, 2, for the existence of agricultural technical advice; μ is the general ranking average for the remainder number of units that are supposed to generate the readings; τ j is the j year effect; β i is the DMU i effect; d k is the plot ownership effect at level k; e l is the technical 
The SAS v9.1.3 software and the PROC GLM procedure analyzed statistically the model. Tables 3 and 4 show its results. Table 3 shows the importance of the non-parametric model. The analysis of the individual effects shows the significance of the DMU, year and lot ownership (<0.05) and the small significance of unworked days (0.095). Total area and technical assistance variables did not show any significant impact. Rank analysis shows efficiency growth in the period and the positive effect of plot ownership. On the other hand, a small negative effect of technical assistance was noticeable. This may either show inadequacy of the technical assistance programmes or farmers' difficulty in absorbing them. Meaningful scale effect, as measured by total area, was not noticed. The education effect was thoroughly checked as well. Intuition would suggest that the better the farmer's formal education the better should be his efficiency. However, surprisingly, this effect seemed not to be the result. Two causes are almost certainly responsible for this puzzling situation. It was almost impossible to dissociate formal education from other DMU intrinsic characteristics (farmer's propensity for illness, hard work, labour skills, and so on) and the fact that only two little differentiated formal education levels were in place: none at all and four elementary school years. The conjugation of both factors may render meaningless the influence of formal schooling.
Other linear model alternatives are of no interest as being either meaningless or leading to misrepresentation of the circumstances. Other variables without apparent connection to efficiency were studied: machinery, trade associations, rural credit, age, time devoted to the plot, other non-agricultural activities and type of infrastructure (housing, electric energy, water and others).
It should be noted that the model does not take into account the use of chemicals such as fertilizers, pesticides, herbicides and fungicides for the efficiency measurement. As said before, most agriculture in Machadinho d'Oeste is carried out without these agricultural means. The total average of farmers using them was about 3% in 2002 (Miranda 2005) . In 1986 the average was even lower.
Conclusions
This paper has endeavoured to be a contribution to the state of the art in the evaluation of sustainability in agriculture by proposing the use of DEA models and of the tiered DEA models in this field. This is of importance in the Brazilian case as only one reference of DEA use was found in the literature, relative to the Amazon basin.
Results show that the majority of farmers have succeeded to develop better production systems, which are, in other words, a guarantee of sustainability. Labour can be a limiting factor in maintaining socio-agronomic sustainability in Machadinho d'Oeste, as the model's results show that the amount of labour does not justify the production of rice, maize and coffee. Growing coffee is labour intensive, which decreases its production performance in conjunction with the other crops. It can, however, be helpful for socio-agronomic sustainability. The consolidation of perennial crops is a basic requirement to sustain the farms if some ecological measures are adopted. We can cite the well-known factors of shade created by native trees, and mineral restitution.
Looking at the benchmarks in each model, we come to the conclusion that farmers should employ his family as labour force. We have also come to the conclusion that is desirable to preserve more than two thirds of property with native forest, which is in accordance with the conclusions obtained by Schneider et al. (2002) . Farmers with some 20 years of work in their property turn into benchmarks for others. In other words, agricultural policies for the municipality should emphasise familiar agriculture, forest preservation and long-term projects.
The third DEA model shows farmers' performance improves with time, meaning that agricultural sustainability is a fact in Machadinho d'Oeste. The non-parametric regression model suggests the same.
As far as the tiered DEA approach is concerned, it can be seen that there is a large difference between the Efficient and Medium tiers both in 1986 and 2002. This difference is far greater than the difference between Medium and Low tiers, also in both years. Furthermore, there is a significant amount of DMUs in the Critical tier, 22 farmers in 1986, which were gratefully reduced to 9 in 2002. These results show that inefficient farmers have a great potential to improve themselves. This is a mild way of saying that they are really rather inefficient.
The results of the regression analysis confirm the importance of ownership legalisation, as already noted by Otsuki et al. (2002) . Although in a small way, the number of unworked days can affect production efficiency. Apparently, the total size of the property does not have any influence in efficiency. A surprising result is that technical support is not significant to improve efficiency.
According to these results we dare to suggest some guidelines for the agricultural policies in the region. The first and foremost is to make significant efforts to grant formal ownership rights to all farmers. The number of unworked days caused by illness suggests that public health policies in the region must be looked into. Technical assistance policies must be revised as well: either they are not adequate to this type of farming or farmers are not educated enough to use the techniques proposed by authorities. Long-term policies are also of great import.
